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Introduce  ion 


The  incidence  of  head  injury  in  U.S.  Army  airborne  training 
and  operations  has  increased  twofold  in  recent  years  (Sadlowski, 
1990) ,  but  the  problem  of  head  injury  in  military  parachuting 
dates  back  to  World  War  II  (Essex-Lopresti,  1946) .  Repeated  head 
strikes  have  been  a  significant  cause  of  head  injury  in  airborne 
operations  since  the  early  days  of  military  parachuting  (Kiel, 
1965) .  Repeated  sublethal  head  strikes  may  have  cumulative 
injurious  effects  on  the  brain.  These  effects  are  insidious  in 
that  the  victim  often  can  suffer  a  number  of  head  strikes  without 
any  loss  of  consciousness  or  serious  neurological  deficit. 
However,  later,  the  victim  can  experience  sudden  unconsciousness 
or,  occasionally,  death.  As  recently  as  August  1989,  this 
problem  was  noted  in  the  investigation  of  a  swing  landing  trainer 
incident  at  the  Airborne  Training  School  at  Fort  Benning, 

Georgia. 

In  response  to  this  problem,  the  U.S.  Army  Infantry  School 
(USAIS)  at  Fort  Benning,  Georgia,  tasked  the  U.S.  Army  Aeromedi- 
cal  Research  Laboratory  (USAARL)  to  evaluate  factors  in  airborne 
training  and  operational  environments  that  contribute  to  head 
injury  and  to  recommend  changes  that  will  reduce  head  injuries 
(USAIS,  19  Oct  89) .  The  objectives  of  this  report  are:  (1)  To 
determine  the  incidence  of  head  injury  in  airborne  training  and 
operations,  (2)  to  determine  if  the  personnel  armor  system  for 
ground  troops  (PASGT)  helmet  can  be  modified  to  provide  more 
impact  protection  and  retention  stability  for  airborne  troops, 
and  (3)  to  assess  factors  present  in  airborne  training  and 
operational  environments  that  contribute  to  head  injury. 


Background 

The  M-l  infantry  helmet  was  adopted  by  the  U.S.  Army  in  1941 
and  was  used  by  both  ground  and  airborne  soldiers.  In  the  late 
1960s,  the  airborne  community  requested  the  development  of 
additional  head  strike  protection.  This  was  in  response  to  six 
fatal  head  injuries  during  a  5-year  period  that  were  attributed 
solely  to  a  blow  to  the  back  of  the  head  (Coston,  1974) .  In 
1969,  the  Airborne  Department  of  the  USAIS  began  issuing  shock¬ 
absorbing  pads  cut  in  bulk  quantity  from  1/2-inch  thick  Ensoiite™ 
foam*.  These  pads  were  mounted  in  the  rear  of  the  M-l  helmet. 

In  December  1972,  Natick  Laboratories  met  with  USAIS  to  find  a 
be*  ter  solution  to  the  M-l  helmet  head  injury  problem.  In 
February  1974,  the  U.S.  Army  Test  and  Development  Command  (TECOM) 
published  its  final  report  on  the  M-l  helmet  shock-absorbing  pad. 


*  See  list  of  manufacturers 
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The  initial  prototype  pad  had  been  disposable.  A  long-term, 
easily  installed  prototype  pad  was  recommended  in  lieu  of  the 
disposable  pad  (Coston,  1974)  . 

The  PASGT  infantry  helmet  was  developed  in  the  1970s.  This 
helmet  offered  greater  ballistic  protection,  stability,  and 
comfort  compared  to  the  M-l  (McManus,  Durand,  and  Claus,  1976)  . 
The  PASGT  helmet  is  a  rigid,  close-fitting  helmet  with  a  cradle- 
type  suspension  system.  When  struck  by  a  17-grain  mass  fragment, 
it  provides  2000  fps  protection  compared  to  the  1100  fps  protec¬ 
tion  of  the  M-l  helmet.  In  June  1977,  USAARL  evaluated  the  PASGT 
helmet  for  airborne  operations.  USAARL  recommended  the  use  of 
the  PASGT  by  airborne  troops  with  the  stipulation  that  the  helmet 
have  a  stronger  modified  ch instrap  and  an  energy-absorbing  nape 
pad  (Allemond  and  Current,  1977) .  Final  evaluation  of  the 
modified  paratrooper  PASGT  helmet  was  completed  in  1978  (Mori- 
moto,  Bishop  and  Dence,  1978). 

At  the  request  of  the  Commander,  Natick  Research  and  Develop¬ 
ment  Command  (Natick  Research  and  Development  Command,  February 
1979) ,  USAARL  evaluated  the  airborne  PASGT  retention  system. 
Weaknesses  were  noted,  and  a  suggested  modification  to  the 
retention  system  was  recommended,  but  there  was  no  recommendation 
to  delay  the  safety  release.  The  current  PASGT  airborne  helmet 
is  a  standard  PASGT  with  two  features  added:  (1)  An  Ensolite"1 
1/2-inch  thick  shock  pad  with  an  area  of  20  in2,  and  (2)  a 
Velcro'**  retention  napestrap  which  improves  helmet  retention 
(Figure  1) . 

On  26  January  1983,  USAARL  submitted  to  the  commander  of 
XVIII  Airborne  Corps,  Fort  Bragg,  North  Carolina,  its  evaluation 
of  the  five  fatal  head  injuries  received  during  operation 
"Gallant  Eagle"  (USAARL,  26  Jan  83) .  The  evaluation  noted 
retention  p.1  oblems  in  the  M-l  (all  the  fatalities  lost  their 
helmets)  as  well  as  the  possibility  that  insufficient  padding 
might  have  contributed  to  the  degree  of  injury  sustained  in  this 
operation.  It  further  suggested  energy-absorbing  pads  be  added 
to  the  new  PASGT  helmet  to  reduce  the  impact  force  transmitted  to 
the  head  to  150  G  peak.  The  150  G  peak  level  was  established 
through  studies  of  head  injuries  in  U.S.  Army  helicopter 
accidents . 


In  simplest  terms,  paratrooper  operational  "jumps"  consist  of 
three  phases:  The  exit  phase,  the  descent  phase,  and  the  landing 
phase.  Before  a  jump,  the  airborne  soldier  has  a  prescribed 
checklist  to  follow  before  being  considered  ready.  A  jump  master 
ensures  each  paratrooper  has  adhered  to  the  proper  prejump 
procedures . 

While  a  unit  is  airborne,  a  ju*np  master  must  extend  his  body 
outside  the  aircraft  to  assess  for  his  troops  the  conditions  of 


the  drop  zone  and  surrounding  aircraft.  With  air  speeds  in 
excess  of  125  knots,  coupled  with  engine  blast,  good  helmet 
retention  is  a  necessity.  During  the  exit  phase,  the  roll  and 
pitch  of  the  aircraft  and  variability  of  external  air  flow 
contribute  to  the  incidence  of  the  head  striking  the  door  frame 
and  fuselage.  Individuals  also  can  be  struck  by  the  static  line, 
deployment  bag,  or  their  personal  equipment.  During  the  descent 
phase,  the  opening  shock  of  parachute  inflation  can  cause  forward 
rotation  of  the  helmet,  even  with  proper  body  orientation.  Poor 
body  orientation  can  cause  the  helmet  to  move  rearward  and/or 
sideward.  The  landing  phase  can  be  complicated  by  drop  zone 
hazards  such  as  trees,  rocks,  or  equipment.  Ground  winds  can 
cause  pronounced  swinging  underneath  the  canopy,  and  landing  with 
the  wind  can  increase  relative  ground  speed.  Once  on  the  ground, 
re inflation  of  the  canopy  can  result  in  the  soldier  being  dragged 
a  considerable  distance,  especially  if  he  is  unconscious  due  to  a 
prior  head  strike. 


Parachute  landing  fall  (PLF)  training 

When  jumping  with  the  standard  T-10  parachute,  one  can  expect 
the  rate  of  descent  to  be  18  to  22  feet  per  second.  To  land 
safely,  a  parachutist  must  execute  a  proper  PLF.  The  five 
recommended  points  of  contact  are  progressively:  Balls  of  the 
foot,  lateral  calf  of  the  leg,  thigh,  buttocks,  and  "push  up" 
mu.;cle  (the  back  of  the  upper  arm)  (Figure  2)  according  to  the 
airborne  training  manual  FM  57-220  (Departments  of  the  Army  and 
the  Air  Force,  1984) .  If  the  five  points  of  contact  do  not 
absorb  enough  energy,  and  the  head  is  not  tucked  with  the  chin 
against  chest,  head  strike  is  likely  to  occur. 

There  are  three  basic  PLFs:  Front,  side,  and  rear.  Rearward 
drift  is  the  most  dangerous  condition.  Basic  airborne  training 
doctrine  warns  the  parachutist  to  twist  and  "do  the  PLF  you  do 
best."  Techniques  for  handling  drift  are  refined  on  the  lateral 
drift  apparatus  (LDA)  (Figure  3).  Techniques  for  handling  the 
pronounced  swinging  under  the  canopy  are  refined  using  the  swing 
landing  trainer  (SI.T)  (Figure  4)  .  Because  good  techniques  first 
must  be  learned,  many  trainees  often  repeatedly  execute  poor  PLFs 
and,  therefore,  sustain  head  strikes.  Cadre  at  the  IJ.S.  Army 
Airborne  School  are  trained  to  note  such  occurrences  and  remove 
trainees  from  the  training  session  after  a  given  number  of  head 
strikes.  The  SLTs  are  surrounded  by  a  sawdust  pit  to  provide  a 
relatively  soft  head  strike  surface.  The  sawdust  frequently  is 
raked  to  improve  the  energy-absorption  properties.  Figure  5 
shows  the  placement  of  personnel  at  the  SLT.  The  operational 
environment  repeats  the  training  scenarios  for  PLFs  with  the 
added  hazards  of  rocky  terrain  and/or  surface  winds. 
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Epidemiology 


In  order  to  determine  the  incidence  of  head  injury  in  Army 
airborne  operations,  all  DA  Forms  285,  "United  States  Army  inves¬ 
tigation  accident  reports,"  stored  in  the  database  at  the  U.S. 
Army  Safety  Center  (USASC)  at  Fort  Rucker,  Alabama,  were  searched 
for  the  period  1  October  1984  to  30  September  1989.  This  time 
frame  was  chosen  to  limit  the  scope  of  this  analysis  to  the  last 
5  complete  years  of  data.  Any  case  listed  as  an  accident  occur¬ 
ring  during  tactical  parachute  operations  and  resulting  in  an 
injury  to  the  head  was  selected  for  inclusion  in  subsequent 
analysis.  These  reports  were  analyzed  further  for  time  of 
incident,  circumstances  surrounding  the  incident,  presence  of 
procedural  errors,  equipment  failures,  nature  of  the  head  injury, 
and  information  relating  to  the  mechanism  of  injury. 

Since  there  was  no  known  source  for  information  relating  to 
the  number  of  parachute  deployments  occurring  over  the  period  of 
study,  no  rate  information  could  be  calculated.  In  t  iis  study, 
we  were  only  able  to  determine  the  total  number  of  head  injuries 
reported  over  the  period  and  to  tabulate  the  limited  data  con¬ 
tained  in  these  reports. 


Impact  protection 

A  monorail  drop  tower  (Figure  6)  was  used  to  assess  the 
amount  of  force  transmitted  through  the  standard  PASGT  and 
modified  PASGT  helmets.  Deceleration  was  measured  with  a  uni¬ 
axial  accelerometer  mounted  in  the  Z-axis  of  a  standard  headform 
in  accordance  with  American  National  Standards  Institute  (ANSI) 
7,90.  l,  1971.  This  medium-size,  low-resonance  magnesium  alloy 
headform  is  approximately  equal  in  mass  and  shape  to  that  of  a 
50th  percentile  human  head.  Tne  force  was  measured  using  a  load 
plate  consisting  of  three  piezoelectric  load  washers  between  two 
triangular  aluminum  plates  located  under  a  flat,  rigid  steel 
impact  surface.  Graphs  of  deceleration  versus  time,  and  force 
versus  time  were  kept  for  each  drop  by  recording  oscilloscope 
traces.  Drop  heights  were  varied  to  investigate  the  impact 
characteristics  of  the  various  configurations. 

Peak  deceleration  was  plotted  against  drop  height  for  a 
rearward  strike  on  five  configurations  of  padding.  The  drop 
height  varied  from  12  to  42  inches.  Because  one  does  not  always 
receive  a  blow  directly  to  the  rear  of  the  head,  the  same  proce¬ 
dure  was  repeated  for  a  rear  strike  45  degrees  to  one  side 
(occipital-parietal  region).  Five  helmet  configurations  vere 
tested:  (1)  Standard  PASGT  heimet  equipped  with  Ensolite’1*  shock 

pad  and  Velcro'**  napestrap,  (2)  standard  PASGT  helmet  shell  with 
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a  four-layer  thermoplastic  liner*  (TPL1*)  and  shock  pad  configura-- 
tion  provided  by  the  Gentex  Corporation,  (3)  standard  PASGT 
helmet  modified  with  adhesive  3/8-inch  foam  pads  throughout  the 
shell,  (4)  PASGT  shell  /(without  sling  suspension)  modified  with 
Sensifoam1**  (C-47)  and  TPL1*  fitting  pad,  and  (5)  PASGT  shell 
(without  sling  suspension)  modified  with  Isofoam1**  and  a  TPL1* 
fitting  pad. 


Helmet  retention 

The  helmet  retention  test  device  used  for  simulating  the 
forces  encountered  in  opening  shock  and  the  execution  of  a  poor 
rear  PLF  was  a  modified  Department  of  Transportation  (DOT) 
pendulum.  A  modified  DOT  Hybrid  III  headform*  with  articulated 
neck  was  attached  to  the  pendulum  arm  (Figure  7) .  When  released, 
the  pendulum  arm  is  allowed  to  free  fall  and  strike  an  energy 
absorber  which  decelerates  the  pendulum  arm  at  24  to  28  peaF  G 
for  a  duration  of  approximately  40  milliseconds.  These  condi¬ 
tions  are  less  severe  than  those  imposed  on  a  paratrooper's  torso 
during  the  shock  of  an  actual  parachute  opening.  The  peak 
deceleration  is  the  same,  but  the  pulse  duration  is  400  mil¬ 
liseconds  in  an  actual  opening  shock  (Call  and  Moynihan,  1978) . 
The  shorter  duration  pulse  was  selected  since  the  test  apparatus 
is  not  able  to  produce  a  longer  duration  pulse.  Deceleration  was 
measured  by  a  uniaxial  accelerometer  mounted  at  the  approximate 
T3  vertebra  level. 

The  entire  deceleration  sequence  was  recorded  on  a  Spin 
Physics  SP2000*  motion  analysis  system  (Figure  8) .  To  follow  the 
movement  of  the  helmet  relative  to  the  headform,  both  were  marked 
with  targets.  By  using  the  reticle  system  and  digitizing  any  two 
points  on  the  helmet  and  headform,  it  was  possible  to  record  the 
change  in  relative  angle  between  the  two  lines  determined  by  the 
two  sets  of  points  (Figure  9) .  For  forward  impact  simulating 
opening  shock,  the  angles  of  interest  were  maximum  forward 
movement  and  the  subsequent  rearward  movement.  In  the  rearward 
impact,  simulating  the  execution  of  an  improper  rear  PLF,  the 
angles  of  interest  were  maximum  rearward  movement  and  the  subse¬ 
quent  forward  movement  v Vyrnwy-Jones,  Paschal,  and  Palmer,  1989). 

Fo>  different  retention  systems  were  rested  on  the  PASGT 
helmet  for  airborne  personnel.  The  standard  retention  system 
w.i  th  shock  pad  and  Velcro1*  napestraps  was  tested  in  two  arrange¬ 
ments  (proper  and  improper) .  At  a  meeting  at  Fort  Benning, 
Georgia,  cadre  stated  airborne  students  were  routing  the  nape- 
straps  through  an  upper  loop  formed  in  the  chinstrap.  Supposed¬ 
ly,  this  arrangement  facilitated  easy  donning  and  doffing. 

Becaus  •  this  improper  arrange  ent  is  commonly  used,  it  was  tested 
as  well. 
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The  third  and  fourth  retention  system  conf iaurations  were 
standard  PASGT  shells  containing  a  USAARL  retention  system 
prototype  (shown  with  the  standard  retention  system  in  Figure 
10) .  This  retention  system  differs  from  the  currently  used  PASGT 
airborne  helmet  retention  system  in  that  the  napestrap  is  mounted 
permanently  to  the  right,  helmet -mounted  portion  of  the  chinstrap 
and  passes  through  a  looped  strap  (keeper)  which  is  mounted  to 
the  rear  of  the  helmet.  The  free  end  of  the  napestrap  is  buckled 
to  the  left,  helmet -mounted  portion  of  the  chinstrap.  To  ensure 
strength  and  reliability,  no  Velcro™  or  s~aps  were  used.  The 
chinstrap  was  affixed  to  the  helmet  by  two  adjustable  buckles 
(Figure  11) .  Chinstrap  attachment  points  for  the  third  con¬ 
figuration  were  the  standard  mounting  points.  The  chinstrap 
attachment  points  for  the  fourth  configuration  were  the  forward 
mounting  screws  of  the  headband  (Figure  12) .  This  configuration 
caused  the  napestrap-to-chinstrap  distance  to  increase,  and, 
theoretically,  increased  stability.  The  napestrap  keeper  attach¬ 
ment  point  was  lowered  approximately  2  inches  below  the  shell 
edge.  This  gave  the  napestrap  a  better  grip  on  the  head  at  the 
base  of  the  skull  (occipital  condyles) .  The  chinstrap  was 
lengthened  to  compensate  for  the  higher  attachment  points  of 
configuration  4.  Modifications  were  made  from  materials  current¬ 
ly  available  in  the  U.S.  Army  inventory. 
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Parachutists 


Figure 


Figure  3.  Correcting  PLF  problems. 


Figure  4.  PLF  training  device. 
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Resting  position  showing  digitized  points. 


Rearwards  movement  of  helmet  relative  to  headform 
showing  digitized  points. 

Figure  9.  Angles  on  PASGT. 


standard  retention  system 


Figure  10.  Standard  and  modified  retention  systems. 
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Figure*  11.  Forward-mounted  modification  of  retention  system. 


Forward  Mounting  Screw 


Figure  12.  Side  view  of  PASGT  helmet. 


Epidemiology 


Over  the  period  of  the  study,  fiscal  years  1985  to  1989, 
there  were  277  reports  of  individuals  sustaining  head  injuries 
during  U.S.  Army  airborne  operations.  There  were  269  males  and  8 
females.  Table  1  is  a  distribution  of  these  cases  by  phase  of 
parachute  jump  during  which  the  injury  occurred.  Although  most 
injuries  occurred  during  the  landing  phase  (77.8  percent),  head 
injury  was  reported  during  all  phases.  The  distribution  of  cases 
according  to  previous  jump  experience  is  shown  in  Figure  13. 

Note  that  relatively  few  head  injuries  occurred  during  initial 
airborne  training  (less  than  6  jumps)  except  in  ground  training 
(0  jumps) .  Head  injury  appears  to  have  a  biphasic  peak  at  10  and 
20  jumps,  then  declines  slowly  with  additional  experience.  An 
age  distribution  of  accident  victims  is  shown  in  Figure  14.  The 
mean  age  of  victims  was  22.8,  with  a  range  in  age  of  17  to  50. 

The  distribution  of  injury  cases  by  time  of  day  is  shown  in 
Table  2.  Since  exposure  data  is  not  available,  it  is  difficult 
to  draw  any  conclusions  from  these  data  except  that  head  injuries 
appear  to  be  evenly  divided  among  night  and  day  operations. 

Table  3  lists  the  surface  impacted  by  the  head  injury  victim  when 
known  and  reported  as  a  contributing  factor.  For  the  majority  of 
cases,  the  impact  surface  was  unknown  or  not  reported. 

of  the  277  individuals  receiving  head  injury  in  airborne 
operations,  only  4  sustained  fatal  injuries.  The  remainder  ^ere 
reported  as  lost  workday  cases.  The  locations  and  injury  types 
sustained  are  shown  in  Tables  4  and  5.  Over  half  of  the  injuries 
were  intracranial  (brain)  and  the  majority  of  these  resulted  in 
loss  of  consciousness.  The  most  commonly  reported  injury  type 
was  concussion  (57  percent) .  Interestingly,  head  injury  ves  the 
only  reported  injury  for  all  but  one  of  the  cases.  These  date' 
support  the  conclusion  that  head  injury  occurs  as  an  isolated 
event  in  jumping  accidents  without  injuries  to  other  body  areas. 
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Table  2 . 


Distribution  of  head  injuries  by  time  of  day. 


Time 

Frequency  of  injury 

Percent  of  total  injuries 

Dawn 

7 

2.5 

Day 

134 

48.4 

Dusk 

13 

4.7 

Night 

123 

_ ! 

Total 

277 

100.0 

Table  2 . 

Distribution  of  head  injuries  by  impact  surface. 


Impact  surface 

Frequency  of  injury 

Drop  zone  obstacles 
(rocks,  stumps,  platforms,  etc.) 

18 

Uneven  t.e train 

(ditches,  ruts,  mounds,  etc.) 

6 

Ice/snow 

2 

Hard  packed 

(landing  strip,  paved/unpaved  roads,  etc.) 

1  3 

Aircraft 
(door/ fuselage) 

1? 

Equipment  strikes 
(static  line,  etc.) 

4 

Unknown 

222. 

Total 

211 

23 


Table  4 . 


Distribution  of  head  injuries  by  injury  location. 


Location 


Head,  unspecified 


Brain 
Skul  1 


Facial 


liyes 

Other 


Total 


Frequency  of  injury 


116 


144 


277 


Percent  of  total  injuries 


41.9 


52.0 


1.1 


2.9 


0.7 


1.4 


100.0 


Table  5. 

Distribution  of  head  injuries  by  injury  type 


Injury  type 

Frequency  of  injury 

Percent  of  total 

Concussion 

158 

57.0 

Fracture 

10 

3.6 

Ab  r  ns  i  on/eon  t.us  ion/ 
laceration 

12 

4.3 

M  :  see  1 1 nueous 

46 

1.6 

Unknown/ 
not  reported 

51 

18.5 

Total 

277 

100.0 

injuries 


Impact  protection 


Peak  acceleration  was  plotted  against  drop  height  for  a 
rearward  strike  for  all  five  helmet  configurations.  Figures  15 
and  16  show  the  Isofoam™  configuration  to  be  superior.  The 
Gentex  Corporation  prototype  came  in  second,  and  the  helmet 
modified  with  Sensifoam™  (C-47)  was  third  for  drop  heights  below 
35  inches.  However,  the  curve  of  the  Gentex  prototype  bottomed 
out  sooner,  making  the  Sensifoam™  (C-47)  superior  above  35 
inches.  The  standard  PASGT  helmet  (includes  Ensolite™  shock  pad) 
modified  with  0.38  inch  adhesive  Isofoam™  pads  was  only  slightly 
better  than  the  standard.  The  Ensolite™  shock  pad  for  a  rear 
impact  protected  to  a  drop  height  of  18  inches,  while  the  addi¬ 
tion  of  the  0.38  inch  foam  pad  increased  the  protective  level  to 
only  21  inches,  a  20  percent  improvement. 


Helmet  retention 

Table  6  shows  the  average  rotation  in  degrees  of  the  helmet 
on  the  headform  during  a  rearward  impact.  The  modified  retention 
system  reduced  rearward  movement  of  the  helmet  on  the  headform  as 
compared  to  the  standard  PASGT  paratrooper  helmet.  Also,  Table  6 
shows  the  standard  PASGT  helmet,  when  worn  with  the  improper,  but 
commonly  used,  napestrap  arrangement,  performs  similarly  to  the 
properly  worn  standard  PASGT  helmet  during  the  primary  motion, 
but.  experiences  greater  rebound  rotation.  The  no.  3  and  no.  4 
modified  retention  system  configurations  behave  similarly  during 
rearward  impact. 

Table  7  shows  both  standard  PASGT  paratrooper  helmet's  con¬ 
figurations  exhibit  very  little  forward  rotation  upon  forward 
impact,  although  both  showed  significant  rebound  rotation.  Also, 
Table  8  shows  the  modified  retention  system  with  standard  chin- 
strap  configuration  rotated  upon  forward  impact,  but  the  rebound 
rotation  was  not  as  great  as  that  of  the  standard  PASGT.  In 
summary,  the  data  depicts  the  modified  retention  system  with  the 
forward  mount  to  perform  better  than  the  modified  standard  mount 
and  was  exceptional  compared  to  the  standard  PASGT 
configurations. 
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Table  6 


Change  in  angular  rotation  during  rearward  (eyeballs  in)  impact. 


Helmet 

type 

Initial  rotation 
(degrees) 

Rebound  rotation 
(degrees) 

Standard  PASGT 
for  paratroopers 
napestrap  proper 

36 

rearward 

7 

rearward 

Standard  PASGT 
for  paratroopers 
napestrap  improper 

36 

rearward 

11 

forward 

PASGT  helmet 

USAARL  retention  system 
standard  mounted 

3 

rearward 

1 

rearward 

PASGT  helmet 

USAARL  retention  system 
forward  mounted 

3 

forward 

0 

Table  7 „ 

Change  in  angular  rotation  during  forward  (eyeballs  out)  impact. 

Helmet 

type 

Initial  rotation 
(degrees) 

Rebound  rotation 
(degrees) 

Standard  PASGT 
for  paratroopers 
napestrap  proper 

1 

rearward 

38 

rearward 

Standard  PASGT 
for  paratroopers 
napestrap  improper 

0 

3J 

Leaiwitui 

PASGT  helmet 

USAARL  retention  system 
standard  mounted 

15 

rearward 

20 

rearward 

PASGT  helmet 

USAARL  retention  system 
forward  mounted 

4 

forward 

16 

rearward 
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Discussion 


Epidemiology 

The  analysis  of  paratrooper  accident  reports  revealed  there 
were  277  who  sustained  head  injuries  during  airborne  operations 
over  the  5-year  period  of  the  study.  Unfortunately,  accurate 
exposure  data  could  not  be  obtained  to  estimate  the  rate  of  head 
injuries.  The  rate  of  head  injury  is  clearly  quite  low,  but  this 
fact  should  not  detract  from  the  military  significance  of  these 
injuries.  The  objective  of  airborne  operations  is  to  deliver  a 
concentration  of  force  rapidly  and  clandestinely.  Since  the 
number  of  troops  that  can  practically  be  delivered  to  an  objec¬ 
tive  is  usually  limited,  every  soldier  injured  in  the  drop  will 
have  an  adverse  effect  on  mission  accomplishment. 

Head  injury  frequently  is  incapacitating  for  some  period  of 
time.  Furthermore,  for  a  variety  of  reasons,  many  soldiers 
receive  injuries  which  are  never  officially  reported  on  a  DA  285. 
Consequently,  the  number  of  injuries  reported  in  the  USASC 
database  probably  is  a  very  conservative  estimate  of  the  actual 
incidence  of  injury  in  the  Army. 

In  summary,  most  head  injury  in  airborne  operations  is 
occurring  as  a  consequence  of  a  single  strike  to  a  helmeted  head, 
usually  during  the  landing  phase.  The  moderate  severity  of  the 
injuries  as  well  as  the  fact  that  they  occur  as  isolated  events, 
suggests  that  the  prevention  of  these  injuries  can  be  practically 
achieved  simply  by  adding  a  layer  of  energy-absorbing  foam  to  the 
existing  PASGT  helmet.  Improvements  to  the  letention  system  also 
will  prevent  helmet  rotation  or  loss,  events  which  may  expose  the 
head  to  injury.  Since  most  head  injuries  are  incapacitating,  we 
conclude  that  improved  head  impact  protection  should  be  provided 
to  paratroopers. 

Although  not  an  objective  of  the  study,  it  is  appropriate  to 
comment  on  airborne  injury  reporting  procedures.  The  DA  Form  285 
is  a  general  accident  investigation  form  used  by  the  USASC  for 
ground  vehicles  and  paratrooper  accidents  (Figure  17) .  It  does 
not  ask  airdrop-specific  questions  and  the  information  on  this 
form  was  often  incomplete;  frequently,  data  was  included  only 
because  it  was  thought  to  be  a  contributing  factor. 

When  there  is  a  malfunction  in  parachute  equipment,  either 
personnel  or  cargo,  the  airdrop  unit  must  fill  out  DD  Form 
1748-2  Airdrop  Malfunction  Report  (personnel-cargo)  (Figure  18) . 
This  is  an  airdrop-specific  form,  and  the  information  is  useful 
for  epidemiological  studies  of  military  parachuting.  Information 
on  type  of  aircraft,  altitude,  speed,  and  jumper  position  (blocks 
4,  9,  10,  and  16)  characterize  the  exit  phase.  Paratrooper 
equipment,  parachute  types  (main  and  reserve)  (blocks  15,  16,  and 
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17)  characterize  the  descent  phase  and  give  an  estimate  of  total 
suspended  weight  and  sink  rate.  Drop  zone  location,  elevation, 
surface  winds,  visibility  (blocks  7,  11,  12,  and  13)  characterize 
the  impact  area  with  the  exception  of  obstacles.  Previous  number 
of  jumps  (block  19)  documents  experience.  In  several  instances, 
familiarity  with  this  form  caused  individuals  to  reporc  this 
information  in  the  narrative  portion  of  the  DA  285.  Based  on  the 
need  for  better  documentation  of  paratrooper  injuries,  it  is 
clear  the  data  provided,  in  both  DA  285  and  DD  1748-2,  should  be 
made  available  at  the  USASC. 


Impact  protection 

The  parachutist's  helmet  consists  of  four  basic  elements. 

The  shell  provides  ballistic  protection,  the  webbing  cradle 
suspends  the  helmet  mass,  the  retention  system  stabilizes  against 
excessive  movement,  and  the  nape  pad  reduces  the  forces  trans¬ 
mitted  through  the  shell  to  the  back  of  the  head.  Three  million 
PASGTs  have  been  procured,  so  a  redesign  of  the  shell  is  not  a 
viable  short-term  alternative  for  improving  impact  protection. 

The  increase  in  the  number  and  severity  of  head  injuries 
previously  noted  and  the  relative  ease  of  providing  increased 
impact  protection  leads  to  the  conclusion  that  inexpensive 
modifications  to  the  current  PASGT  helmet  are  necessary  and 
feasible,  and  will  provide  substantially  increased  impact  protec¬ 
tion  over  the  short-term.  Long-term  improvements  may  require  a 
change  in  the  basic  shell  configuration  of  the  PASGT. 


Our  preliminary  experiments  have  shown  that  improved  energy- 
absorbent  padding  provides  a  significant  reduction  in  the  trans¬ 
mitted  acceleration  to  the  head.  Since  injury  data  reveal  that 
impact  occurs  to  all  areas  of  the  helmet,  padding  should  be  added 
to  the  helmet  to  provide  100  percent  coverage  in  the  headband 
region  up  to  a  point  approximately  8  cm  above  the  lower  edge  of 
the  headband.  Of  course,  the  addition  of  padding  in  lieu  of  the 
"standoff"  cradle  eliminates  ventilating  air  unless  the  padding 
is  provided  with  channels  and/or  separated  foam  strips,  A  net 
"skull"  cap  with  padding  inserts  could  be  used  within  a  PASGT 
shell.  Such  a  design  exists  as  the  insert  to  the  Standard  DH  132 
tanker's  helmet  and  it  has  been  very  effective  (Figure  19) . 

These  standard  Ensolite'*  foam  inserts  have  2  ram  dimpled  surfaces 
to  cause  a  slight  standoff  from  the  scalp.  There  is  a  matrix  of 
2  mm  diameter  holes  on  a  2.5  cm  spacing  in  the  foam  to  provide 
ventilation.  A  similar  arrangement  (with  larger  8-10  mm  diameter 
holes  and  outer  surface  dimples)  would  alleviate  the  ventilation 
problem.  Further  evaluation  of  a  foam-filled  nomex  net  "skull" 
cap,  similar  to  the  DH-132  design,  should  be  considered  before 
selecting  a  PASGT  foam  liner. 
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Head  injury  at  the  Airborne  School  presents  a  specific 
problem  that  should  be  considered  separately  from  injury  in 
operational  units.  At  least  one  fatality  and  eight  less  severe 
head  injuries  occurred  during  the  PLF  phase  (tower  drop)  of 
airborne  training.  Many  of  these  injuries  occurred  as  a  result 
of  repeated  head  impacts  over  an  extended  period.  Changes  in  the 
standard  operating  procedure  for  repeated  head  strikes  should  be 
considered.  Training  personnel  should  receive  training  by  a 
physician  on  early  symptoms  and  signs  of  closed  head  injury  and 
emphasis  should  be  placed  on  removing  students  from  training 
after  any  significant  head  strike.  Any  student  receiving  a 
significant  strike  or  exhibiting  early  symptoms  of  head  injury 
including  headache  should  be  evaluated  by  a  physician  before 
returning  to  training.  Specific  neck  strengthening  exercises 
also  should  be  considered  as  part  of  the  physical  training  at  the 
Airborne  School  and  in  operational  units.  This  would  increase 
the  soldier's  ability  to  keep  his  chin  on  the  chest  with  a 
probable  decrease  in  the  number  of  head  strikes  during  PLF 
training.  Cadre  should  be  briefed  on  the  importance  of  reporting 
all  head  strikes. 

It  also  may  be  helpful  to  imp-  we  procedures  for  caring  for 
the  sawdust  used  in  the  landing  ",  ts."  The  sawdust  should  be 
kept  dry  and  turned  frequently  to  provide  maximum  impact  attenua¬ 
tion  during  training. 

Undoubtedly,  the  best  method  of  preventing  head  injury  during 
initial  training  would  be  to  provide  students  with  a  special 
impact  protection  helmet  during  the  ground  phase  of  their  train¬ 
ing.  Since  there  is  no  requirement  for  ballistic  protection 
during  ground  training,  a  training  helmet,  such  as  those  used  in 
civilian  jump  training,  could  be  provided  to  students  during  the 
early  phases  of  training  when  they  are  most  at  risk  for  suffering 
a  head  injury.  This  helmet  could  have  a  metal  shell  to  match  the 
weight  of  a  PASGT,  but  be  padded  with  a  full  inch  of  energy-ab¬ 
sorbing  foam  to  provide  a  high  level  of  impact  protection.  One 
of  the  arguments  against  such  a  helmet  is  the  stress  on  realistic 
training.  Techniques  in  bayonet  training  are  refined  with  pugil 
sticks  and  protective  gear,  and,  along  the  same  lines,  PLF  tech¬ 
niques  should  be  refined  with  a  foam-padded  helmet  to  protect 
from  repeated  head  strikes. 


Helmet  retention 

Mounting  the  chinstrap  to  a  forward  position  on  the  helmet 
shell  reduced  rotational  displacement  of  the  helmet  on  the  head. 
The  triangle  formed  by  the  forward  mounting  point,  the  chin-,  and 
the  napestrap  of  the  modified  retention  system  has  a  wider  base 
and  is  more  stable.  The  improvement  in  helmet  stability  with  the 
forward  chinstrap  location  is  revealed  more  dramatically  by  an 
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forward  chinstrap  location  is  revealed  more  dramatically  by  an 
actual  "wear  and  pull"  test  in  which  one  compares  the  rotational 
movement  of  the  existing  paratrooper  PAS6T  to  the  modif ied-nape 
PASGT  by  wearing  and  pulling  upward  on  the  lower  edge  of  the 
helmet. 

During  the  impact  tests,  the  chinstrap  adjustment  buckle 
failed  totally  in  three  tests  even  though  the  chinstrap  was  not 
the  object  of  the  tests.  A  literature  search  showed  these 
buckles  have  failed  throughout  their  history  (Morimoto,  1977). 

The  bending  of  the  center  bars  was  due  to  inadequate  strength 
and/or  inadequate  cross-sectional  area.  The  cyclic  nature  of  the 
loading  also  contributed  to  its  failure.  The  strength  of  these 
buckles  is  only  85  lb  (+5  lb)  per  buckle  based  on  a  pull  test 
with  two  samples.  It  is  obvious  the  strength  of  this  buckle 
should  be  increased  to  ensure  against  PASGT  helmet  loss  under 
asymmetric  loading  conditions  which  may  occur  when:  (1)  The 
risers  strike  and  tend  to  pull  the  helmet  off  in  a  poorly  ex¬ 
ecuted  exit,  and  (2)  the  risers  and/or  obstacles  catch  the  bottom 
edge  oi  the  shell  during  reinflation  after  the  PLF.  The  current 
strength  is  simply  too  low  to  withstand  the  asymmetric  and/or 
inertial  load  applied. 

The  inertial  loads  on  the  chest  during  parachute  opening 
shock  can  be  as  high  as  35  G  based  on  published  U.S.  Navy  data 
(Naval  Air  Systems  Command,  1976) .  Since  the  head  is  attached  to 
the  chest  via  the  relatively  flexible  neck,  there  is  a  consensus 
among  researchers  that  the  acceleration  response  of  the  head  to 
an  input  at  the  upper  thoracic  vertebra  (Tl)  may  be  increased  by 
a  factor  of  1.3  to  2.0.  Thus,  the  expected  ultimate  inertial 
load  of  the  head  is  35  G  (chest)  X  2.0  dynamic  factor  X  3.5  lb 
PASGT  mass  =  245  lb.  This  is  a  lower  value  than  the  300-lb  value 
required  for  commercial  motorcycle  helmets  but,  usually,  the 
paratrooper  is  not  exposed  to  crash  forces  as  great  as  those  seen 
in  motorcycle  accidents.  This  is  a  reasonable  value  to  consider 
for  strength  because  the  greater  strength  also  will  result  in 
less  elongation,  and  concomitantly  less  "lofting"  away  from  the 
head  due  to  the  centrifugal  force  acting  on  the  helmet  during 
opening  shock  or  a  bad  PLF  in  high  winds.  It  is  suggested  a  250- 
lb  strength  requirement  be  used  in  future  procurement  specif¬ 
ications  for  paratrooper  PASGT  retention  systems  and  existing 
understrength  buckles  be  replaced.  The  extra  strength  provides  a 
hedge  against  production  strength  variation  and  material  degrada¬ 
tion  with  time. 

One  other  decrement  in  impact  protection  was  noted  in  the 
impact  tests.  The  rear  headband  attachment  screw  is  a  size  no.  8 
steel  screw  with  a  9mm-diameter  "pan"  head  which  tends  to  com¬ 
press  the  KEVLAR'*  shell  under  the  screw  head  and  to  drive  the 
interior  anchor  nut  int  the  magnesium  headform.  The  "bottoming" 
of  the  screw  anchor  nut  causes  a  high  headform  acceleration.  If 
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infantryman) ,  a  serious  laceration  could  occur.  If  the  steel 
screw  was  replaced  with  a  nylon  screw,  the  transmitted  force 
would  be  reduced  by  several  orders  of  magnitude  because  the 
modulus  of  elasticity  of  nylon  is  only  1  percent  that  of  steel. 
The  tensile  strength  of  a  no.  8  nylon  screw  is  approximately  250 
lb;  probably,  this  is  an  adequate  value  for  this  design. 

Airborne  School  personnel  have  suggested  the  large  mass  of 
the  helmet  might  cause  forces  which  inhibit,  soldiers  from  tucking 
in  their  chins.  This  leads  to  a  pronounced  head  strike.  Reduc¬ 
ing  the  mass  of  the  helmet  could  have  several  benefits.  Current 
molds  for  the  PASGT  helmet  need  not  be  changed  to  reduce  shell 
weight  by  using  fewer  layers  of  tighter-weave  Kevlar"1,  or 
equivalent  material.  Using  a  tighter-weave  Kevlar™  (or  other 
weight-reducing  material)  would  preserve  the  ballistic  protection 
provided  by  the  helmet  while  reducing  the  weight.  The  extra  3  mm 
of  space  within  the  shell  would  allow  im*re  foam  to  be  placed  in 
the  headband  region  of  the  helmet,  increasing  coverage  in  a 
critical  area  of  the  skull.  This  foam-padded  helmet  could  be 
produced  specifically  for  airborne  troops  in  kit  form. 


Summary 


This  study  has  shown  head  injury  in  airborne  paratrooper 
operations  is  occurring  as  a  consequence  of  helmeted-head  impact, 
usually  during  the  landing  phase.  The  relatively  moderate  nature 
of  most  of  the  injuries,  as  well  as  the  fact  they  occur  as 
isolated  events,  suggest  the  prevention  of  these  injuries  can  be 
achieved  practically  by  adding  a  layer  of  energy-absorbing  foam 
to  the  PASGT  helmet.  Improvements  to  the  retention  system  also 
will  help  prevent  helmet  loss  and  rotation  of  the  helmet  on  the 
head  which  exposes  the  head  to  injury. 


Conclusions 


1.  Head  injury  is  a  significant  problem  in  airborne  training  and 
operations  (more  than  50  annually) . 

2.  Analysis  of  the  type  and  mechanism  of  head  injuries  sustained 
in  airborne  operations  reveals  they  occur  as  isolated  injuries 
and  usually  are  not  critical  long-term  injuries. 

3.  A  larger  area  of  the  head  should  be  protected  with  energy¬ 
absorbing  foam. 

4.  The  incorporation  of  greater  coverage  and  more  efficient 
padding  to  the  current  PASGT  helmet,  combined  with  improvements 
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4.  The  incorporation  of  greater  coverage  and  more  efficient 
padding  to  the  current  PASGT  helmet,  combined  with  improvements 
to  the  retention  system,  will  reduce  substantially  head  injury  in 
Army  parachute  operations.  The  addition  of  0.5-inch  thick  pat 
reduces  the  force  transmitted  to  the  head  to  109  G  (1200  lb)  from 
272  G  (3000  lb)  (60  percent)  for  a  2-foot  drop  onto  a  rigid  steel 
plate. 

5.  Further  testing  is  necessary  to  assess  the  ventilation 
problems  associated  with  increasing  the  surface  area  covered  by 
the  foam. 

6.  The  forward-mounted  prototype  retention  system  described  in 
this  report  significantly  reduces  forward  and  rearward  movement 
of  the  helmet. 

7.  The  strength  of  the  existing  adjustment  buckle  is  inadequate 
for  the  intended  use. 

8.  The  no.  8  steel  screw  attaching  the  headband  at  the  rear  of 
the  helmet  tends  to  drive  the  interior  anchor  nut  into  the 
headform  and  reveals  a  potential  for  wearer  head  laceration. 


Recommendations 
Training  environment 


1.  A  new  training  helmet  should  be  used  by  students  until  they 
demonstrate  the  ability  to  perform  a  proper  PLF.  It  should  be 
energy-absorbing  and  allow  the  head  to  experience  no  more  than 
100  G  peak  when  tested  at  a  drop  height  of  5  feet  against  a  flat, 
rigid  impact  surface.  The  mass  of  the  helmet  should  be  equal  to 
that  of  the  PASGT  airborne  helmet. 

2.  Symptoms  and  signs  of  head  injury  should  be  taught  to  all 
training  supervisors  and  any  student  exhibiting  symptoms  should 
be  immediately  removed  from  training  and  evaluated  by  a 
physician. 

3.  Improved  head  strike  reporting  methods  should  be  initiated. 

4.  The  sawdust  at  the  SLT  site  should  be  deep  tilled  and  kept 
dry  to  provide  maximum  impact  protection. 

5.  Increased  emphasis  on  neck  strengthening  exercises  should  be 
considered  for  airborne  personnel  in  training  and  in  operational 
units. 
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Operational  environment 


1.  Provide  an  energy-absorbing  liner  to  the  current  PASGT  helmet 
that  covers  the  entire  headband  region  up  to  a  point  approxi¬ 
mately  8  cm  above  the  lower  edge  of  the  sweatband.  This  liner 
should  be  capable  of  liraicing  the  transmitted  force  to  the  head 
to  less  than  150  G  for  a  2.5-foot  drop  on  a  flat  rigid  surface. 

2.  Replace  the  existing  retention  system  with  an  improved  system 
able  to  provide  retention  at  least  equal  to  the  forward-attach¬ 
ment  system  described  in  this  report. 

3.  Replace  the  existing  chinstrap  adjustment  buckle  with  a 
similar  design  of  125-lb  minimum  pull  strength. 

4.  Improve  airborne  injury  reporting  methods  by  combining  data 
from  existing  forms  DA  285  and  DD  1748-2. 


33 


Head  injuries  FY85-FY89 


UNITED  STATES  AflWY  INVESTIGATION  ACCIDENT  REPORT 

►  n*  J  IU\  hrtK.  «  At  M3 -At;  IN  w(  iptl  U  IX  VTI 


ht*  v*At*V  m  ow.  nrnstn  a  *  hka  r>  iluti  Avt  hm  -\au  n<  H*TlH  I'li  uni  i 


■  UNII  I3f  NT'ltCAIlOH 

1  MH  AND  (Ml!  Of  ACClOtHI 

1  I  All  U«  OAT  >1  AAi  -•*. 

1  lOCATiQH 

t  WVPlPflON 

..... 

l  uoiirN 

■< 

□  •  OAViH 

□  "  v*' 

a 

□  runs 

Q  I  HiUHT 

□  a  or  t  NOV 

_ 

-  _ 

.. 

. 

SECTION  A  -  fit  RSONNiL  INVOLVED 

I  tcinut  .1  *nff.«(a**A.  /  -•«  l.-» 

a  SO,  .1,  M«  1,B| 

1  I.MAH 

l«  A..I 

II  ■-!, 

n  mom  srAig* 

m  wm  atAim 

1-.  v>  III  1 

..-.II 

1  i  -N  IlHIUrtl  . 

■■  . . AW 

,.I. -is  1A.I .•« 

Q  *  -*•> 

□  - 

□  -ONP..I* 

... 

a . . . 

D  .  NO 

D  •  ■*!  IMIT 

n  -  *■  —  — 

1  1 1 Ml  HI  Al.  101  HI 

o . . 

1  ant  NATIONAL  (UiAAO 

1 

□ 

3 

a 

-  O' 

IM  Q  ~  Ani 

n  •  . . 

liAH 

Q  "•*" 

ARMY  HI  U NYC 

a  ..o. 

< 

□ 

Q  r  AO'  Q 

□  »hu«  tOMiurtoA  Q  ■  n»«^NO*Nt  V0REK1N  NATIONAL  Q  •  ■>*<cT  «'<H 

j  q  »  aa»i»»>-aMp»ai|n>vMO  Q  •  Of»*t»(Pif«M>l 


A’.  NIClSSAtl.  PAN)  n*  lUtiluNI,  .,iv|  :»» 


,.s,, 

•• 


.0 


□  "  «IV>  #%»*—•« 

IQ  J  FM(iC'l*il.»  «[  i*.i I 


_o^ 


□  -  o, 


Q.  nwti.lK'iIIi«|  (KSitmN  Q,  P|Mi>.|lilllllllMli|«H<l'  Q  /  U'AT<"lO«>»D»i  Cays  I  MOU  ttOBs 

□  |i>alMWI««UM  »f  Sl«H.<>liv*u«a  ai  liv.li  Q  I  NON*AIAi  c*bl  witnOOl  tuS>  v*0*fDAYJ 

Q  I  >|XAI  ♦10iM«  _ ^  *  Nomju«T  Q  .  u,sv^',»Korii-,m'HHM 


lUHtanlUPAtiOMM  'UMfV. 


p  ,  uMP  Q  a  not  Avail  a  Hi  |  □ 

_ ■'  *»*''  »■'  I  "U1  *«>Jt  UM II 


I  If  a  mill  iwl'  ""il-lll  var/in,  r 


SECTION  ■  -  PROPERTY  ANDfORNATCRlAl  IK  VULVSU 


.1,1  M'  <•  .1 1MIM  luuai.ili  ■IN  HIil 


MNI  'HVVIVIO  *n*AT  uPf  PATK1NA  IHU*  I.IJSI  U»  IN  I  lUUIt.l 


iihIU'HiiM  ||  In  1 1. 1  At  I  IINNI  f/.ll  >A«i  J' 


II  Uaifi'Ht  t.iINiMi'.nA  Ii.iM  • 


SECTION  C  -  ENVIRONMENTAL  CONDITIONS  INVOLVED 

l|l»»'.  *  •!  At  1 1|||  HI 


SECMON  0  -  DESCRIPTION  AND  CONNECTIVE  ACTION 


•AMAHl,  PI  SI  SI  All 


\  i/in  \mi  i»w  «m i 

iik.»i  NtPO.il  hinill 


» _  I  tiM 


'  '*■  aiou  wHiNit 


H  <}  A!  I  lOINI  (IP!  <]  I 


DA  -T.  285 


IlfTKW  OMJIMIIi  OUotSTI 


Figure  17 


DA  Form  285,  U.S,  Army  Investigation  Acc  iont  Report 


00  W<*-2 


Figure  18.  DD  Form  1748-2,  Airdrop  Malfunction  Report 
(Personnel -Cargo) . 
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INNER  HELMET 


Figure  DH-132  insert. 
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Appendix  A. 


List  of  equipment  manufacturers 


Creative  Foam  Corporation 
P.0.  Box  238 
55210  Rudy  Road 
Dowagine,  MI  49047 

Endevco 

Rancho  Viejo  Road 

San  Juan  Capistrano,  CA  92675 

General  Motors  Corporation 
3044-T  West  Grand  Boulevard 
Detroit,  MI  48202 

Gentex  Corporation 
P„0.  Box  315 
Carbondale,  PA  18407 

GHI  Systems 

Randros  Palos  Verdes,  CA 
Humanoid  System 

Division  of  Humanetics  Corporation 
17022  Montanero  Street 
Carson,  CA  90746 

Kistler  Instrument  i  AAAG 
Winterthur,  Switzerland 

Nicolet  Instrument  Corporation 
Oscilloscope  Division 
5225  Verona  Road 
Madison,  WX  53711 

Spin  Physics  2000,  Kodak 
3099  Science  Park  Road 
San  Diego,  CA  92121-1011 

The  V-Tec  Company 
Hopewell,  VA  23860 

Tuscarora  Plastics,  Inc, 

1830  Rockdale  Industrial  Blvd. 
Conytrs,  GA  30207 
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Initial  distribution 


Commander 

U.S.  Army  Natick  Research 
and  Development  Center 
ATTN:  Documents  Librarian 
Natick,  MA  01760 

Naval  Submarine  Medical 
Research  Laboratory 
Medical  Library,  Naval  Sub  Bast- 
Box  900 

Groton,  CT  06340 

Commander/Director 
U.s.  Army  Combat  Surveillance 
&  Target  Acquisition  Lab 
ATTN:  DELCS-D 

Fort  Monmouth,  NJ  07703-5304 
Commander 

10th  Medical  Laboratory 
ATTN:  Audiologist 

APO  New  York  09180 

Commander 

Naval  Air  Development  Center 
Biophysics  Lab 
Code  60B1 

Warminster,  PA  18974 


Naval  Air  Development  Center 
Technical  Information  Division 
Technical  Support  Detachment 
Warm  nster,  PA  18974 

Commanding  Officer 
Naval  Medical  Research 
and  Development  Command 
National  Naval  Medical  Center 
Bethesda,  MD  20014 

Under  Secretary  of  Defense 

for  Research  and  Engineering 
ATTN:  Military  Assistant 

for  Medical  and  Life  Sciences 
/ashington,  DC  20301 


Commander 

U.S.  Army  Research  Institute 
of  Environmental  Medicine 
Natick,  MA  01760 


U.S.  Army  Avionics  Research 
and  Development  Activity 
ATTN:  SAVAA-P-TP 
Fort  Monmouth,  NJ  07703-5401 


U.S.  Army  Research  and  Development 
Support  Activity 
Fort  Monmouth,  NJ  07703 


Chief,  Benet  Weapons  Laboratory 
LCWSL,  USA  ARRADCOM 
ATTN:  DRDAR-LCB-TL 
Watervliet  Arsenal,  NY  12189 

Commander 

Man-Machine  Integration  System 
Code  602 

Naval  Air  Development  Center 
Warminster,  PA  18974 


Commander 

Naval  Air  Development  Center 
ATTN:  Code  6021  (Mr.  Brindle) 

Warminster,  PA  18974 

Commanding  Officer 
Harry  G.  Armstrong  Aerospace 
Medical  Research  Laboratory 
Wright-Patterson 

Air  Force  Base,  OH  45433 

Director 

Army  Audiology  and  Speech  Center 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5001 
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Director 

Walter  Reed  Army  Institute 
of  Research 

Wash. ngton,  DC  20307-5100 


HQ  DA  (DASG-PSP-0) 

5109  Leesburg  Pike 

Falls  Church,  VA  22041-3258 


Naval  Research 

Laboratory  Library 
Code  1433 

Washington,  DC  20375 

Harry  Diamond  Laboratories 
ATTN:  Technical  Infor¬ 
mation  Branch 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 


U.S.  Army  Materiel  Systems 
Analysis  Agency 
ATTN:  Reports  Processing 
Aberdeen  proving  Ground 
MD  21005-5017 


U.S.  Army  Ordnance  Center 
and  School  Library 
Building  3071 
Aberdeen  Proving  Ground, 
MD  21005-5201 


U.S.  Army  Environmental  Hygiene 
Agency 

Building  E2100 
Aberdeen  Proving  Ground, 

MD  21010 


Technical  Library 
Chemical  Research 

and  Development  Center 
Aberdeen  Proving  Ground, 
MD  21010-5423 


Commander 

U.S.  Army  Institute 
of  Dental  Research 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5300 

Naval  Air  Systems  Command 
Technical  Air  Library  950D 
Rm  278,  Jefferson  Plaza  II 
Department  of  the  Navy 
Washington,  DC  20361 

Naval  Research  Laboratory  Library 
Shock  and  Vibration  Infor¬ 
mation  Center,  Code  5804 
Washington,  DC  20375 

Director 

U.S.  Army  Human  Engineer¬ 
ing  Laboratory 
ATTN:  Technical  Library 
Aberdeen  Proving  Ground, 

MD  21005-5001 

Commander 
U.S.  Army  Test 

and  Evaluation  Command 
ATTN:  AMSTE-AD-H 

Aberdeen  Proving  Ground, 

MD  21005-5055 

Director 

U.S.  Army  Ballistic 
Research  Laboratory 
ATTN:  DRXBR-OD-ST  Tech  Reports 

Aberdeen  Proving  Ground, 

MD  21005-5066 

Commander 

U.S.  Army  Medical  Research 

institute  of  Chemical  Defense 
ATTN;  SGRD-UV-AO 
Aberdeen  Proving  Ground, 

MD  21010-5425 

Commander 

U.S.  Army  Medical  Research 
and  Development  Command 
ATTN:  SGRD-FMS  (Ms.  Madigan) 

Fort  Detrick,  Frederick, 

MD  21701 
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Commander 

U.S.  Army  Medical  Research 

Institute  of  Infectious  Diseases 
Fort  Detrick,  Frederick, 

MD  21701 


Director,  Biological 
Sciences  Division 
Office  of  Naval  Research 
600  North  Quincy  Street 
Arlington,  VA  22217 

Commander 

U.S.  Army  Materiel  Command 
ATTN:  AMCDE-XS 

5001  Eisenhower  Avenue 
Alexandria,  VA  22332 

Commandant 
U.S.  Army  Aviation 
Logistics  School 
ATTN :  ATSQ-TDN 

Fort  Eustis,  VA  23604 

U.S.  Army  Training 

and  Doctrine  Command 
ATTN:  ATCD-ZX 
Fort  Monroe,  VA  23651 

Structures  Laboratory  Library 
USARTL— AVSCOM 

NASA  Langley  Research  Center 
Mail  Stop  266 
Hampton,  VA  23665 

Naval  A-'.rospace  Medical 
Institute  Library 
Bldg  1953,  Code  102 
Pensacola,  FL  32508 

Command  Surgeon 
U.S.  Central  Command 
MacDill  Air  Force  Base 
FL  33608 


Ai^  University  Library 
(,  L/LSE) 

Maxwell  AFB,  AL  36112 


Commander 

U.S.  Army  Biomedical  Research 
and  Development  Laboratory 
ATTN:  SGRD-UBZ-I 

Fort  Detrick,  Frederick, 

MD  21701 

Defense  Technical 

Information  Center 
Cameron  Station 
Alexandria,  VA  22313 


U.S.  Army  Foreign  Science 
and  Technology  Center 
ATTN:  MTZ 

220  7th  Street,  NE 
Charlottesville,  VA  22901-5396 

Director, 

Applied  Technology  Laboratory 
USARTL- AVSCOM 

ATTN:  Library,  Building  401 
Fort  Eustis,  VA  23604 

U.S,  Army  Training 

and  Doctrine  Command 
ATTN :  Surgeon 

Fort  Monroe,  VA  23651-5000 

Aviation  Medicine  Clinic 

TMC  #22,  SAAF 

Fort  Bragg,  NC  28305 

U.S.  Air  Force  Armament 

Development  and  Test.  Center 
Eglin  Air  Force  Base,  FL  32542 

U.S.  Army  Missile  Command 
Redstone  Scientific  Information 
Information  Center 
ATTN:  Documents  Section 

Redstone  Arsenal,  AL  35898-5241 

U.S.  Army  Research  and  Technology 
Laboratories  (AVSCOM) 
Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 
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AFAMRL/HEX 

Wright-Patterson  AFB,  OH  45433 


University  of  Michigan 
NASA  Center  of  Excellence 
in  Man-Systems  Research 
ATTN:  R.  G.  Snyder,  Director 
Ann  Arbor,  MI  48109 

John  A.  Dellinger, 

Southwest  Research  Institute 

P.  O.  Box  28510 

San  Antonio,  TX  78284 

Product  Manager 

Aviation  Life  Support  Equipment 
ATTN:  AMCPM-ALSE 
4300  Goodfellow  Blvd. 

St.  Louis,  MO  63120-1798 


Commander 

U.S.  Army  Aviation 
Systems  Command 
ATTN:  AMSAV-ED 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120 


Commanding  Officer 

Naval  Biodynamics  Laboratory 

P.O.  BOX  24907 

New  Orleans,  LA  70189 


U.S.  Army  Field  Artillery  School 
ATTN:  Library 

Snow  Hall,  Room  14 
Fort  Sill,  OK  73503 


Commander 

U.S.  Army  Health  Services  Command 
ATTN:  HSOP-SO 

Fort  Sam  Houston,  TX  78234-6000 


U.S.  Air  Force  Institute 

of  Technology  (AFIT/LDEE) 
Building  640,  Area  B 
Wright-Patterson  AFB,  OH  45433 

Henry  L.  Taylor 

Director,  Institute  of  Aviation 
University  of  Illinois- 
Willard  Airport 
Savoy,  IL  61874 

COL  Craig  L.  Urbauer,  Chief 
Office  of  Army  Surgeon  General 
National  Guard  Bureau 
Washington,  DC  50310--2500 

Commander 

U.S.  Army  Aviation 
Systems  Command 
ATTN:  SGRD-UAX-AL  (MAJ  Lacy) 

4300  Goodfellow  Blvd.,  Bldg  105 
St.  Louis,  MO  63120 

U.S.  Army  Aviation  Systems  Command 
Library  and  Information 
Center  Branch 
ATTN:  AMSAV-DIL 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120 


Federal  Aviation  Administration 
Civil  Aeromedical  Institute 
CAMI  Library  AAC  64D1 
P.O.  Box  25082 
Oklahoma  City,  OK  73125 

Commander 

U.S.  Army  Academy 

of  Health  Sciences 
ATTN:  Library 

Fort  Sam  Houston,  TX  78234 

Commander 

U.S.  Army  Institute 

of  Surgical  Research 
ATTN:  SGRD-USM  (Jan  Duke) 

Fort  Sam  Houston,  TX  73234-6200 
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Director  of  Professional  Services 
AFMSC/GSP 

Brooks  Air  Force  Base,  TX  78235 


U.S.  Army  Dugway  Proving  Ground 
Technical  Library 
Bldg  5330 
Dugway,  UT  84022 

U.S.  Army  Yuma  Proving  Ground 
Technical  Library 
Yuma,  AZ  85364 


AFFTC  Technical  Library 
6520  TESTG/ENXL 
Edwards  Air  Fo^ce  Base, 
CAL  93523-5000 


Commander 
Code  3431 

Naval  Weapons  Center 
China  T,ake,  CA  93555 

Aeromechanics  Laboratory 
U.S.  Army  Research 
and  Technical  Labs 
Ames  Research  Center, 

M/S  215-1 

Moffett  Field,  CA  94035 

Sixth  U.S.  Army 
ATTN:  SMA 

Presidio  of  San  Francisco, 

CA  94129 

Commander 

U.S.  Army  AGrom.Gdi.csl  Center 
Fort  Rucker,  AL  36362 


U.S.  Air  Force  School 
of  Aerospace  Medicine 
Strughold  Aeromedical  Library 
Documents  Section,  USAFSAM/TSK-4 
Brooks  Air  Force  Base,  TX  78235 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM,  USC 

Los  Angeles,  CA  90089-0021 

U.S.  Array  White  sands 
Missile  Range 

Technical  Library  Division 
White  Sands  Missile  Range, 

NM  88002 

U.S.  Army  Aviation  Engineering 
Flight  Activity 
ATTN:  SAVTE-M  (Tech  Lib) 

Stop  217 

Edwards  Air  Force  Base, 

CA  93523-5000 

Ms.  Sandra  G.  Hart 
Ames  Research  Center 
MS  239-5 

Moffett  Field,  CA  94035 
Commander 

Letterman  Army  Institute 
of  Research 

ATTN:  Medical  Research  Library 

Presidio  of  San  Francisco, 

CA  94129 

Mr.  Frank  J.  Stagnaro,  ME 
Rush  Franklin  Publishing 
300  Orchard  City  Drive 
Campbell,  CA  95008 

Commander 

U.S.  Army  Medical  Materiel 
Development  Activity 
Fort  Detrick,  Frederick, 

MD  21701-5009 
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Commander ,  U .  S .  Army 
Aviation  Center 
Directorate 

of  combat  Developments 
Bldg  507 

Fort  Rucker,  AL  36362 
Chief 

Army  Research  Institute 
Field  Unit 

Fort  Rucker,  AL  36362 
Commander 

U.S>  Army  Safety  Center 
Fort  Rucker,  AL  36362 


U.S.  Army  Aircraft  Development 
Test  Activity 
ATTN  1  STEBG-MP-QA 
Cairns  AAF 

Fort  Rucker,  AL  36362 
Commander 

U.S.  Army  Medical  Research 
and  Development  Command 
ATTN:  SGRD-PLC  (COL  Sedge) 

Fort  Detrick,  Frederick 
MD  21701 

MAJ  John  Wilson 
TRADOC  Aviation  LO 
Embassy  of  the  United  States 
APO  New  York  09777 

Netherlands  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

British  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Itilian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 


Directorate 

of  Training  Development 
Bldg  502 

Fort  Rucker,  AL  36362 
Chief 

Human  Engineering  Laboratory 
Field  Unit 

Fort  Rucker,  AL  36362 
Commander 

U.S.  Army  Aviation  Center 
and  Fort  Rucker 
ATTN :  ATZQ-T-ATL 

Fort  Rucker,  AL  36362 

President 

U.S.  Army  Aviation  Board 
Cairns  AAF 

Fort  Rucker,  AL  36362 


Dr.  William  E.  McLean 
Human  Engineering  Laboratory 
ATTN:  SLCHE-BR 
Aberdeen  Proving  Ground, 

MD  21005-5001 


Canadian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 


German  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

French  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Brazilian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 
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Australian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 


Dr.  Garrison  Rapmund 
6  Burning  Tree  Court 
Bethesda,  MD  20817 


Commandant 

Royal  Air  Force  Institute 
of  Aviation  Medicine 
Farnborough  Hants  UK  GU14  6SZ 

Dr.  A.  Kornfield,  President 
Biosearch  Company 
3016  Revere  Road 
Drexel  Hill,  PA  29026 
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